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OBJECT OF INVESTIGATION 

At the close of “orld ‘er Il, Allied scientists 
sereening Cerm:n technicel papers reported the results of 
an experiment perrormed on besicelly = free vortex. This 
experiment was curried on by e« German physicist, Rudolph 
Hilseh, in which he reported wide verititions in total 
temperetures. This phenomena of total temperature vori:r- 
tions is not in zccord with clessical free vortex theory. 

The primery endeevor in this investigation wes to 
design uppsratus with which to attempt « reproauction of 
Hilsch's resuits. [t was desired to hive this design of 
such proportions ene flexibility thet « fundémenteal study 
of this phenomena could be carried out. Furthermore, with 
results obtaineG in experimentation & comperison could he 
mode between these results ond the prediction of clessical 


free vortex theory. 


The first problem encountered wes ¢ method of procucing 
& vortex of considerable strength. To proauce = strong 
vortex, three nozzles designed for : Pech number of one, 
were epeced syumetrically «round the periphery cf u pipe 
in such positions that the centerlines of the nozzles would 
be parallel to the tengents of the cipe. This crrengement 
wes desired in order thet the flct would enter tite pipe ten- 


gentially. The nozzles were designed with cn crbitrery veignht 


“»t le —_ 


flow ind pressure thut was eveilc ble from the l:horetory 
compressor. 4 two inch diameter pipe was chosen since it 
wes feit thet this size pipe would be sufficient to pro- 
gquce e& strong vortex end allow edequate instrumentction. 
An erbitrery lJeneth of three feet of pipe wes selected 

and the nozzles were placed two feet from one end, which 
would allow some degree of flexibility in thet the vor- 
tex could trevel different distences within the pipe. An 
end test plate with static pressure cné thermocouple taps 
on the seme redius Was designed to be fitted to either 

end of the pipe. The end test plate had a small hole et 
the center of the plate to allow the air to discharge. 
Originslly, it was felt thet by pl&cing dises of various 
Gismeters in the pipe on the opposite side of the nozzles 
with respect to the end test plite, s separation of flow 
could he effected; that is, the eir -t the periphery would 
be drawn off at one end of the pipe and the core eir would 
be dischirged through the end test plate at the other end 
of the pipe. However, it wes found that sub-etmospheric 
pressures were developed at the core <nd consequently 
atmosphere air wes drawn in through the end test plate 
with this configuration. This made it necessery to desicn 
& plug which woule force the flow through the test plzte. 
ith flexibility of design in mind, the flow divider, «nd 
subsecuently the plug, were atteched to the end of 4 supe 
ported rod which would ellow positioning «et varying distanees 
from the nozzles. <A section of the two inch pipe «ct the 


nozzles Wes enclosed within « menifold which served es a 


receiver of the supply pressure fros the ccmpressor. To 
fecilitate further instruments tion teps were drilled thrcugh 
the outside of the tripe between the nozzles ena the end 

test plete. # Bourdon Pressure Gege wes located on the mani- 
fold. During the course of experimentction it Wes desired 

to obtain dete in close to the nozzles. A plug wes adepted 

to take totsl temperature, total pressure, anc static pressure 
on the same radius. See Plates I, II, III, end IV. 

An edaptation of a vortex valve designed 6b: Professor 
Neil F. Bailey, head of the Mechinicul Engineering Depert= 
ment of Rensselaer Polytechnic Institute, was used which 
permitted better instrumentetion of the core phenomenom. 

The essentiel difference in the ecppsretus was the method in 
which the vortex wes induced. The vancs were set «t an angle 
of ten degrees with the tangent, ¢nd air from « receiver 

was directed through tie venes sround the perizvhery of 

pipe. Static pressure teps were located cn the beck plete 

to which the vanes were etteched. This appsretus was 

mounted on & lathe bec, Which nede it possible to rigidly 
mount @nd center precisely e thermocouple end pressure tuhes. 
it wes found that when making center traverses, it wes ah- 
solutely necessary tc stey ut the center of the pipe, since 
eny ceviction fro the center pliced the instrument in the 
whirl of the vortex, causing it to vibrete violently. 


The thermocouples used in this investigation were 


shielded Chromel vs Alumel. For the nozzle incuced vortex, 


the totel pressure plug adapter was designed by means of 


4 


G peeling MME @0 Gaet on Laoet tute oOule be rotated for 


the eximem® oressure rescding. See Plate IV. 
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ke Conetent totel energy. 

Se reversibility. 

je Centrifugeul ferees ere belanesé by a rudieal. 
bressure gredient. 

With the Poregcing sesumotione snd for the cuge of « 

compressible mecium With no raedicl flow, «a free vortex cen 


he ahown ta we eheracterized by vr = comet. nt. 





?. forea nelsnee gives 


p riedr YO SF PdOGP anne we nnn n enn en ene me (2) 
Ly 


From the fseneral energy equition, tha statement thet 
the tote] cHergy ia constant is, 


RY GL vav TQ -wen nnn n nn nn nenn- (2) 


For 6 £238, 


Pt a 


a se vein 


Also, for « reversible chenge, 


(¥-1) dp © af --+------------------------- 
x : 


Fr Of 


Combining (1) with (3) 
on 


QGP = Fo Yo GP seen nnn en nn eee nen ee 


gRT r 


liminating (af) between (%) and (4) 


ar = T(¥-1) GP = =—(~=—1) BaF necro eee 
c. = vr OR 
Solving (6) for dP 
P 
BO Che tr 
Pp het 


Solving (7) end (1) 
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ap = widr - -vdV oo ------~~..1---.+...—------. 


“PE geRTr Ret 


C1) 


Bauetion (&) say 


6 QQ Se ee eee 


r Vv 


or thet 


vr = constant eee ee ee ee 


At the ce-ter when v = 0, ecuetion (10) inplies thet 


the velocity ic infinite and from the equation 


Po/P = ee vo fel + 
E ¥ent 


& pressure of absolute zero is demended ct the center. 


* This equation taken from "Thermoéynemics of sir at 


High Velocities” by Neil }. Beiley 


Ge 


LISCUSSION OF KhESULTS 
Prelimninsry investigetions with verivus dismeter flow 


Gividers, reveiled sub-atmospheric pressures st the center 


in 


of the ena test plute. This meant that the flow wes not 
disch.rging through the half inch diemeter exit at the end 
pl: te,.nd necessitated designing & snug fitting plug which 
could be positioned *£t the nozzles, thus forcing the flow 
to dischserge throush the end test pl:ite. ith the plug in 
position, thermccouple probes at the end test plits revealed 
2 G@rop in total tempersture frox the outer dixreter to the 
center of considereble magnitude, which was not obtained 
with the origine1] design icea of flow division. In an ef- 
fort to obtein © picture of the temperature and pressure 
vuristion clong the lensth of the pipe. taps were drilled, 
through which mecsurenents coulc be teken. ‘Yith this 
set-up, cete for curves numgher 1] und number « were obtuined. 
& Gismeter triverse showed « sinull drop in tote] tempsra- 
ture at the outer redil, with & much greeter drop ih to- 
wearas the center. ‘the lowest temperature was et the center 
of the pips. Lismeter traverses ct the other taps guve the 
sume gencrél] totel tempereture trend. s#& significent temp- 
erature difference between tours at the ssme outer radii 

was noted, with the difference becoming less in towards the 
center. For un incoming totel tempereture of 101° ¥, the 
center total tempereture veried fron 73° ¥ eat the cuter 
tep, to 66° * at the tap necrest the nozzles. It is of 


interest to note thet the total temper:ture «et the outer- 


2 ' : ® 
mest r dius veries from @ F above tne incouing temperr ture 


at the outer tap, to 11° # below the inco.ine temper: ture 

ht the tap crest the nozzles. it must be poirtecd out thet 
with thie method of inetrusentetion in which the thermocouple 
is traversedé through the flow, the phenomena unéer Iinvestigs- 
tion is cltered by the presence cf the thermocouple. This 
Ves wary onvicus, evicenceéd hr « cietinct ch res in sound 

&g the treverse Wes tekene This prowehly coc. cnts for the 
unsyametriccl reicingc.e Eowever, it ie felt thet this wouie 
jacieste tie gwneral trend, but woul. limit tre relichility 
oY the resulte. Attempts «rds to check theese reucings by 
prohines tirough the @nc test pl:te alone the leneth of pipe 
were umeuccessful, dus te the vwitre tions set up oy the whirl 
of the vortexze | 


& poseitble explanation of this tote] temperature voria- 


J 


tion might “» civen By eonsliéering that et omy time « yelo- 
city cr temperature g@redient exiets in em cetuel gta, the 
*transport phenomena” of VYiecositiy anc therm] conduction 
ore presente  « the weir first leoves the nozuzlee ena spirals 


in @uwizGa the center of the gipe, which wee ofginclliy et 


ta? 


redient is establiched. 


a 


&&ospherie greseure, : velocity ¢ 


Due toe thie velecity scradiant « viseuwe “orce exiatee 


THiS Vigeous forse ia s function of tas ce nee of somentu 
Which teakee plece between ¢djacent le yers of tir tr veling 
ot ciftferent velccities. thereforsa, vorsk is done and 
energy own be thoucht of Ss boing tresaperted frum the Imyer 


of higher velocity eir. By the mechanism of thermal conduction 


~ 





& peri of tais energy trenrferred cen be thoucnt of es 
app@sring in tae form of thermal energy in tue edjacent izeyer. 
Sines totel tennereture 18 &© metsure of the energy of a systen, 
end the 1: yer of wir traveling &t the higher ve.ocity nes 
given up some of its smergy, it Tollows thet tue totel temp. 
ereture or this ieyer wouid be rediucede A feir assumption 
would be to consider thet the reciel forees are beleneed, 

which would Giseount the affect of mass @iffusion. If ihe 
velocity is inerersinzs in toward the canter of the vortex, 

tie overesli effect of the vieeous ection would bveone greeter, 
whieh eecounts for the lowest tenper ture securing ct tue 
eentar of the veipe. As the fiow trevels Gown thse ieneth of 
nipe, nec as long «s tae viseous forees continue to eect, the 
tote l tampera.ure at tas center would decrease cad tae tote) 
temper: ture &t tas outer redii would increase. “Gita sora 
Viscous work being done ct the center, the vziocity wouid 
éecrease fester xt the center then et tas outer redii. If 

en idenl ecse is considereé with no friction from tua nine 
well, end tne viscous forees ere dissiceted, it is eonesivr sis 
thr i @ stete anproeciing constent enzur:r velveity would 
rasuit, in which tnere wou.¢c be no sStetic temrereture grediente 
However, this would stili allow tae existence of the totel teannr- 
ereiture ere@ient. Actuelliy, tne friction of the wall wiil de- 
ereese tie veiocity et the outer redil, thereby reising tre 
stetice tamperature «ct t.ose redii.e As this rrocesse continurs 


thermal anergy would be trensporteodc fteex to the center. 
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Eventuglily, the engauler veioecity would te racuced to zero, 
at whicn time u tetel temperature grecient wouid no longer 
exist. This sousé represent the life eyela of the vortex. 
From tne plot of curve nusber 2, it is soted tat tre 
jowast “otel t mperature © 5 not s@e@euread et tan sace dise 
tence rem the nozzles @s wes the higiast total temr-sreture. 
This would seem to contredict tae theory as vresentec, in 
thet the theory woul eel. for the maximum end aininusz 
total tommrerature to oecur et the seme distence from tie 
nozzles. Upon investigation, sub-:tmospheric >-ressuras 
were cetected «t the exit of the ond test plete. Tris 
ROULG menn tHe t Ethosphneri¢c €ir was taing cusped beek into 
the cine, end, consequently, tne tier ocOunia would read # 
ve.ue thet wes & function of the «<ixture of the eold eir aad 
the warm room oir et the canter of the sine. ihe betier 
instrusesntation poesibdliilties «vellebis with tas vine inuuced 
vOrisx @pperavus e:lowed cn iavestigetion of t.is effect. 
2nOse resuits sre given in the Geta eonteined in teble sun 
per 5 énc plottec @€s eurve number 9. In Ga effort tO G@e 
termine how far back into the center of the nice room air 
wes baing pumcoed, threes types of pressure tubes wers cesigned. 
Sith these pressure tubes it wee felt tat the direction 
of the «air Tlow ai the esanter of the sine could te dater- 
mined. if e centar traverss ware texsn with an onen-encéed 
tube, end tae flow wers diseh Tsing out of the eenter of the 
pine, & reecing enproeching tote] -ressurs sould te obtelined. 


-OFeVer, if ths flow were raversed, es would be the c#se in 


iO 


ea puspineg action, the rezding obt» ined would upprosena os 
vilue less tion static. If these metsurements are comvered 
with the me surements teken with en open-ended tube with a 
180° bend, the direction of the flow is indicated. A 
stetic pressure center treverse wis elso téken to confirm 
tec conclusions. it was confirmed thet « revers:1 of flow 
direction wos occurPing «at the center with room i.ir being 
pumpec into the center of tne pipe. With tho availeble 
tubing m terial, even though thse tuhes were firmly ¢ uchored 
ond eecuretely centered, it wss not possible to investigzte 
tre pumping effect heyond & dGists nee of three inches from 
tae disech:-rge end of the pipe. igfin, instru entation 
Gifficulties were cuused hy the whirl of the vortex. The 
effect of this pumping on the total temperature «t the center 
of the pive wes determined by pliucing « shieicé necr the exit 
Wilch prevented tre pumping action. The shield wes free 

to «ssu'e on equilibrium position, ind thus it was felt 
that ite only erfect v.s to stop the pumping ection. 

gn tee first cttempt to study this effect, the thermocouple 
gid net fit snugly in the hole *t the center of the ehield, 
and tee shape of the totel tempercture center traverse 
curve wes not affected by the presence of the shield. 

. shield tien wes tried in which the thermocouple vid fit 
snugly, no this ti e the lowest totel temper ture recorded 
wes not affectec ¢ppreciably; cut this low temperature 
existed for + ere ter dist: ace, and the tempercture did not 


incre: se to os high en exit value s in tite cése without a 


li. 


shield. These results are given in teble number © und 

plotted ss curve number & The exit tote] temperature without 
the shield was 74° F aon@ with the shiclé the total tempera= 
ture wee 53° F. Therefore, it seems reasoneble to sesuse that 
pumping action could aecount for the appirent contredaiction 

vO the theory as resented; that is, ¥ithout this vsumpineg 
action, the center treveree plottea on curve number 2& would 
nave decreased instead of incressed. 

Frow tne theory &s presented the lowest temperature 
detectec would be a function cf the intensity of the vortex. 
If the incoming totel pressure is reduced the entering Mach 
number will be reduced. Henes, the strength of the vortex 
will decretse. This wes substantiated by veryine the total 
pressursc ferming the Vane-induced vo:tex. These results are 
given in table number 6 and plotieé a@e curve number 6. 

With an incoming total pressure of 51.6" Hg snesolute, the 
lowest tots] temperature detected Wes 3:9 F, whils witb an 
incoming tots] pressure of 40.7" He absolute, the lowest total 
temperature wes 65° F. 

Static pressure measurements vere ‘eaken et the vane pla Le 
for different incomins totel pressures. It is interesting 
to note their veriations, but this deta seppears to be of no 
particular use at this time. These results are given in table 
number 7 and plotted as curve number 7 for poss sible future USE e 

It would be of grest interest to know the Hach number in 


& vortex °t the different radii as it develops, trévels down 


the pipe, and as it begins to digssipete. It is realized that 
an aecurate determination woulac be most difficult hee:use 

of the nature of the flow and its accompanying instrumen~ 
tation problems. As Wus pointed out préviously, the slightest 


probing alter: 4 the nature of the flow, evidsnesd by a distinet 





change in souné. Purthermore, any messurements obtained would 

né some funetion of the vortex flow and the flow conponent as 

the vortex travelec down the pipe, With these difficulties in 

mind 1t was felt that perheps a trene of the Mach number versus 

radius could be found. A diameter traverse was made on the 

Gischarze side of the nozzles with an impect tube, and the in» 

peet tube Was rotated until « maximum totel pressure reading was 

obteainsd. Static pressure was determined by rotating the 

impect tube until the minimum reeding Was obtained. at is 

fully reelized thet the se oressure readings would be conei- 

Gerebly lower than the actual static pressures, due to the wake 

around the impect tube ecsus_¢ by the flow. The results of 

this investigation cre siven es e part ef teble 5 and plotted 

as one of the curves quateres Se The data is given only for possible 
future reference. 

During the course of this investigation, a ring formation 
wes noted on the se’ l used to force the flow to discherge 
through the end test plete. The ring was frrmed by the oil 
present in the suvply cir. In present dey free vortex theory 
an infinite veiceity is implied st the center 9&f the free 

vortex. If the flow velocity could approech infinity et the 


centers it would first heve to so through a Mech number of one. 


2 


There is moO «cprrent weachenism in « free vortex thet wo ld 
&ilow the Ciow to exececé sonic velocity.» Fitha thie in mind 
it wes thought th t poasisly the ring reprenented the point 
at which there wes « dlecontinulty of flew, uné Shere the 
Mech aumber of the vortex coulé not sxeesd unity. This rine 
fe shown in «= photogrepkh on pe. gecd, sgnin, instrunents tion 
presented = problem, Hut « re-deeign of the sezl plus on 
which the ring appe red aS porsibiee. Thie would not cisrupt 
the flicw to the extent of thot resulting from « disaeter 
treveres. This re~Geeign ie shown om plite number 46 To 
gstucy this riag formation the following preececurs wee usec. 
The s@el plug fos removed ang covered Fil: « mixtere cf bone 
bluck anu cil, repositicnes, onG ths incoming: totel] pressure 
raised ta. perticuler VWelues. The length of tice thet tee 
pressure *ic ci inteined wes verieé. Then tac preseure valve 
wee turned off, the e941 slugs removed, coé tim ring fermation 
Gbserved. 2y this procedure it wis found th. 6 tee ring 
formetion first exveurec ct 66 inches from the noes rnd 
Goulg not be proéuced heyonré 1ei6 inches from the nozzlese 
The dismeter of the ring Vuriea in size, deventing upon the 
distence the ser] slug w.s s¥ey fram the nozelee. The rine 
diamster ct .5 inchee from the nostlas eis 1.075 inehes, 
ené the ring. élemeter ct let inches from the nogsles ¥!s 
e674 inches, This Gite is given in teble nuwher 4 snd 
plotted &s curve number 44 “he position of the seal plug 


wes Verieég uatlil tn disveter of the ring Wes such taet 


14, 


meesureme nts of total and static pressures could he made at the 
ring una on sither side of the ring. It must be pointed out 
that a di-ference of flow pettorn exists, in that the flow set- 
up is not on the discharge side of the nozzles, as has been the 
case in ali previous investigations. vonseauently, no justifica= 
tion is at hand for predicting thet the seme conditions exist 
on the discharges side as were present to produce the ring. 
Yeloecity determinations did not support the idea that 4a 
Mach number of one occurred at the ring. In fact a complete 
reversel of trend Was ei:ovn With the velocity decreasing from 
the outer x dil to the ring, as is seen from deta given in 
table 5 end plotted as curve 5, 
It is felt that some correlation may exist between the 
Ting ané the core of free vartices produced by nature, Cores, 
or calm areas, ere known to exist in tornadoes, whirl pools, and 
hurrice ns; but their velocity gradients increase towards the 


center. No further explsnation is offered «at this time. 


CORCTUS IONS 

rresent cay free vortex theory did not precict the re- 
sults of this investigetion. then one considers the aseump- 
tions upon which sresent dey free vortex theory is based, 
some Gegree of variance might well be eapected, but the mag- 
nitude of this varisnee is surprising. 

in the present day theory reversibility, constint totel 
energy ona e recicl force belance ere eassumed; but the 


“trensport ihenomens"” of viscosity and thermal conduction are 


SO 8S, 


15. 


neglected. ‘ven if tas process is not considered reversible, 
end the total energy rem ins const:at, but the two "trens- 
port phenomen:" are n t considered, no carnge of totel temper- 
ature would be expscted between li yers of oir in « free vor- 
tex. Considering the effect of the two "trensport phenomena” 
of viseosity end therac1 conduction, & cutlitative eanelysis 
wiieh accounts for the verietion of totsel temper: ture hes been 


presented in the discussion or this thesis. 


SUGGESILIORS FOR PULURS sv soliG&ATLonN 


& prim ry considercetion in regerdéd to future study should 
be the problem of instrusentction. is was pointed out, di- 
ameter treverses cseuse « considerseble chenge in the flow being 
studied. Center line tr:verses cid not @rre:r to elter the 
flow eporecietly, cned consequently, the results of : center 
treverse «re felt to be more relicbie. It is strongly re- 
commended thet some method or rirmly :nenoring and precisely 
eentering any probing instruxent be used to decrecse the ef- 
fect of the vibr: tions c:used by thea whirl. 

ihe leneth of pine necess:ry to recch the mexinun totel 
temperature snc tae miniswa totel tempereture should be adeter- 
mined. £ further eheck on the treory wouidc be hed if the 
meximum en’? minimum occurred et the sume dist: nee slons the 
pipe. 

It is felt thet if the Neeh number .t different radii 
of the vortex could be est: blished, considereabie lisht xould 


be thrown on the subject. 


_ ee 
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Aefore eny titintNe Sabena sili Se Chee she 
all effect of the pumping eetion should be clearly dete 
It ws found thet by sevling tne emit of the ené va’ 
plite, thus forcing the entire flow «t the eppesite end, 
free of ‘ny restrictions, the outside tempersciure on the end 
test pl te side of the nozsles became notice: bly warner tase, 





under the seteup by which cdetc wma obtained for eurve number 1. 
The results of « diemetor traverse cre given in t: ble nucber 





anc plotted as curve nu ber 3. it is striking to note thet st 
each racii, the totel temperstures wero cbove tie incoming 





teaperetures entering the pine. Tiss did not rermit e ree 
assign of tie spperatus waiech would h vo bee@m necessary to 
determine the fectors producing this effeet. 


LT 


TABLE WO. 1 and NC. 2 


Pipe sealed at nozzles causing flow to 
discharge tnrougn test plate. 


Tap No. 1 - 10.81 inches from nozzles 

Tap No. & =~ 3.19 inches from nozzles 

Tap No. 3 =~ Geol inches from nozzles 

Tap No. 4 =~ 0e65 inches from nozzles 

Manifold Pressure 60 psi Gage 
Manifola Total Temp. 101°F 
Distance Along Tan #1 Tap #2 Tap #3 Tap #4 
Inches Oy OF OF OP 
0.0938 109,90 OF al® 94,5 90.9 
0.544 107.0 104,0 93.0 65.0 
0.594 L04,0 105.0 93.0 35 «9 
0.844 95,0 91.5 90.0 S25 
1.094 T5eo 74.0 68.0 66.0 
1.544 96.0 95.5 94.5 9020 
1.594 10320 101.0 98.5 3965 
1.844 102,0 100.0 98,5 91.20 
22060 104,09 103.0 39.5 95 eS 
TEST PLATE DATA 

Test hole io. 1 ,.61 inches along diameter of pips 
Test hole No. 2 .55 inches along diameter of pips 
Test hole No. 3 .08 inches along diameter of pipe 

Note: Test Plate is 12 inches from nozzles. 


0&8 .55 
109 105 96 


e5L Ceonter 
46 


Distance along diam.of pipe - inches 
Total Temp. 


Test Plate on opposite end of pivne-Distance from nozzles 24 In. 


center 
o4 


eOB «55 461 
95.5 90 85.5 


Distance along diam.of pine - inches 
Total Temp, OF 


LADBLE NO. & 


Test Plate sesled causing flow to 
Gischarge et opposite end, 


Tap Ho. 1 + 10,81 inches from the nozzles 
2ap Nos 3 ~ Gedl inches from the nozzles 
Menifold Pressure 60 psi Gare 
Manifold Totel temp. 96.5° FP 
Distance Along Diem, Tap #1 Tap #3 
of pipe ~ inches To Lo 
OF OF 
0.0938 135.0 128.8 
e344 154.4 a6... 
0.594 133.23 124.0 
0.844 129.5 121,0 
L.094 126.0 118.8 
1.544 128.2 119.7 
1.594 132.7 122.0 
1,844 $08.7 125.0 
22069 133.0 . 126.5 


19. 


TABLE NO. 4 
RING PORMATION DATA# 
Test Plate in position opposite end 
sealed off at varying positions. 
Bone Black and Oil Mixture used 


as tracing mediun. 


Manifold Pressure 60 psi Gage 


Distance of Seal Diameter of Remarks 
away from nozzles ring - inches 
in inches 
O ~ No ring 
elfdS - No ring 
een = No ring 
sore * Ro Pins 
250 1.575 
0625 1,375 
75 Levl2 
e875 LeiD 
1.2000 1.065 
L125 1.000 
1.25 0.875 Ring unstable 
1.375 0,000 No ring appeared 
1,275 0.4000 No ring 


% See photograpn in discussion 


20. 


TABLE NO. § 


Howrzle induced riic formation determination 
of Mach Humber with respect to ring, 


Pata obtained from instrumentation set-up on 
disc where ring was formed. The dise was used 
to force the entire flow to discharge thru the 

rend Test Plate. 


Distance Along Fs ADSe Po ANS « Po/Ps 
iadius ~ Inches "He "He - 
2 he O 65.8 1.195 
0 74 Sled 58.7 1.148 
«54 50~eL 62¢5 1.C83 
20 E99 oA. 51,0 16040 
«40 296 49.9 1.007 


Determination of Hach Kumber at 6.5 inchss 
away Drom nozzles, 


5 


mc 


Data obtained on the discharge or erid Test 
Plate sice of the nozzles. 


WAS 


Distance Along Ps ADS. P., AbS« Po/P,, 
3 tt 14 7 *S3 
Radius - Inches He Hee 

«336 60 e828 56.8 Lele 

2088 49346 O4~9 1-10 

e456 46 @& De oh L.id 

» IBD OO eb £6 ¢ L. 1628 

O we ~ 1,83 

O an average of three readings 


2025 
«450 
+000 
eco? 
«080 


if 


«406 
ecole 
0407 
e605 
97 


cle 


TABLE NO. 6 and KO. 7 


Measurements tekken without exit shield. 


Barometer Reading 50.10 "Hg. 


Incoming Total Town, 96°Or 


XK ™ 
Pressure Ratio Available inches OF 
For NM # ,.810 0 30 
oD 23 
Po 54,7 "THe ADSa i s@ LG 
Py=Po 35.1 “Water 1.5 30 
Pre 35.6 "Hg AbBe Ss ”~ 
P4 26.9 "Hg Abs. 3-0 30.5 
Pr 28.2 "Hg Abs. 3.5 33 
Pe 28.9 "He ADS. 4,0 Of oD 
4.5 45 
520 SbeS 
55 65 
6.0 74 
Incoming Total Tom. 104°R 
x To 
Pressure Ratio Available inches OP 
For HB ,751 0 40 
oS DO 
Py 51.6 "Hg ADS» 1.0 38 
Py~Pp 29.5 "Water 1.5 3d 
Pz 34.9 "He Abs ove oo 
0 r . 235 BO 
P4 27.5 "Hg Abs. 3.0 58 
Pe 28.4 "He Abs. Seo AI, 
Pp, 29 > Ty 4,0 4G 
6 ] SS Se 4,5 54 
520 Gl 
De = 
6.0 74 


TABLE TiO. 6 and NO. 7 


(Gonttd.) 


Pressure Ratio Available 


Po 


P4-Po 


Ps 
PZ 
Ps 
#6 


4. 0d 


eS 


SG el 
27.5 
25 el 
250 


For Hi & .576 


"He AbBe 
"Water 

"He Abs. 
"He AbSe 
"Hg Abs. 
"He Abs. 


Pressure Katio Available 


Po 


PS 
P4 
Ps 
Ps 


For hi # 


40.7 
16.8 
oeeG 
20.9 
29 49 
29 06 


0045 


"Tig Abs. 
"Water 

"He AbSe 
"He ADS. 


"He ADS 
’ Hg Abs e 


Xx 


inches 


e 6 
Oc go 


ow 


& © 
oanononondc 


© 


Oo GT OT we eh OF GT 00 01 EH 
° 


6 


X 


fnehes 


e 8@ @© @ 


SN Ol aes es eb 
® 
Ounonondonononed 


Cas 


Incoming Total Temp. 105°F 


Incoming Total Temp. 105°Rr 


TABLE NO. 8 


VANE TRDUCED VORTEX 


Temperature traverse along center of pipe 
without and with shield over end of pipe. 


Distance Along Unshielded : Shielded 
Pipe in Inches = 51.6 * "ig ADS e Po5= 52 “Ue A 
"h. jin = 104°R (f5)in = 103 
Fotal Temp Totus _fenp 
” “¥ 
O 40.0 oO #0 
20 3560 Os a0 
1.00 350 oi~@O 
1.50 0000 o2..9 
2.00 ODO 51,0 
2.50 05 69 S265 
5209 36 29 32 9O 
200 43.20 35 —9 
4.00 46.0 5540 
4.50 54,0 6 20 
3 200 61 O9—5 
5.50 - 439 
§ 00 74.9 5340 


aA = O at vanes 
Distance Along Straicht Pipe 180° Bend Static 
Pipe - Inches Open End lin Pipe Pressure 
Xx "He Abs. "He Abse Tube 
"He ADSe 
6.9 2345 29.1 2064 
505 25 el 28.1 27 «5 
S,,& oe? A] od. 2665 
4.25 ~4e9 2600 oe! 
4,0 ed 25.9 25,45 
5.5 o~eo 25.5 24.5 
540 2067 owe teed, 


24.6 


TAPLE NO. 9 


VAKRE IRDUCED VORTEX - No Shield 
Pressure traverse along center of pipe 


Three types of pressure tubes used, 

L, Straight tube with oven end. 

Se A static pressure tube. Straight 
tube, closed end, pressure hole 
3/4" from end. 

3. A tube with a 180° bend, open end, 


206 


NOZZLE INDUCED RING FORMATION 





This ring formed on dise used to seal off 
pipe forcing all the air to discharge 
thru Test Plate. 


Distance froin Nozzles 0.50 Inches 
Diameter of Rins 1.3575 Inches 
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